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Aortic valve replacement for the stenotic or regurgitant 
aortic valve has been one of the major advances of 
medical science in the 20th century. Patients who have 
severe pressure gradients between the left ventricle and 
the aorta, or who have severely dilated hearts due to 
massive aortic regurgitation, are treated by insertion of 
a reliable mechanical or bioprosthetic device to relieve 
these hemodynamic abnormalities. This technique has 
saved hundreds of thousands of lives since the first 
successful aortic valve replacements by Harken et al,' 
and Starr et a12 in 1960. 
Since 1960, valve devices, incisions, and surgical 
techniques have evolved to the extent that, by the early 
1990s, the risk of aortic valve replacement in patients 
without coronary disease was under 3% in most large 
centers in the world that do aortic valve replacement .3  
The complete median sternotomy became the stan- 
dard incision for aortic valve replacement in the late 
1960s. This incision is flexible and relatively painless 
because it is a midline incision. It allows maximal 
exposure of all parts of the cardiac structure, and most 
importantly, enables physicians to effectively remove 
air from intracardiac structures. As interest in minimiz- 
ing surgical trauma has increased, minimally invasive 
incisions for cardiac surgery are receiving increasing 
attention. 
The evolution of minimally invasive surgery in all 
surgical specialties began with Fogarty's conversion of 
the vastly complicated aortoiliac embolectomy to a 
balloon catheter technique via the groin vessels in the 
early 1960s. In orthopaedics, endoscopy for joint opera- 
tions replaced open operations about 15 years ago. 
Approximately 10 to 15 years ago in general surgery, 
laparoscopic colocystectomy became the treatment of 
choice, replacing the open colocystectomy. In the last 5 
years, the use of video-assisted thoracic surgery has 
been enormously important in redefining general tho- 
racic surgical procedures to a much less invasive type of 
surgery for many pulmonary lesions. 
Minimally invasive cardiac surgery began with the 
use of techniques for the so-called direct-access coro- 
nary bypass, off cardiopulmonary bypass, performed 
through small incisions, primarily using the left ante- 
rior descending coronary artery and applied directly to 
it." At the same time, Port-Access systems, popularized 
by Heartport, Inc, Redwood City, CA,5 were developed 
to afford a minimally invasive incision for a coronary 
artery bypass graft that had the advantages of cardiopul- 
monary bypass, aortic cross-clamping by endoclamp, 
and cardioplegia for myocardial protection. 
Finally, the use of minimally invasive direct access 
incisions for cardiac valve surgery were developed in 
the early part of 1996, when investigators believed that 
small incisions, accessing only those chambers or vessels 
where the valve surgery would take place and aided by 
femoro-femoral bypass, would be an advantage for 
patients undergoing cardiac valve surgery without com- 
bined coronary These approaches have been 
extended widely, and include a Port-Access system9 for 
mitral but not aortic valve replacement. 
Rationale for Minimally Invasive Aortic Valve 
Surgery 
This procedure combines the effectiveness of the aortic 
valve operation with exactly the same results as the 
open operation, yet allows a smaller incision that 
focuses the surgeon's attention on the valve alone, 
minimizes surgical trauma, decreases blood loss, de- 
creases pain, reduces the incidence of mediastinitis, 
allows for faster rehabilitation and return to normality, 
and decreases the cost of hospitalization and postreha- 
bilitation matters. A comparison of results for patients 
undergoing valve replacement or repair using either the 
minimally invasive approach or conventional median 
sternotomy shows that the minimally invasive approach 
causes less pain and trauma and promotes faster 
rehabilitation with less dependence on after-hospital 
care facilities and decreased cost of both the hospital 
stay and after-hospital care without compromising the 
results.7 
Patient Selection and Preoperative Preparation 
All patients who are candidates for first-time isolated 
aortic valve replacement who do not have coronary 
artery disease are potential candidates for minimally 
invasive aortic valve replacement through the paraster- 
nal incision. Exceptions to this would be unusually 
obese or  heavily muscled individuals with extremely 
thick chest-wall soft tissue, pectus excavatum, or 
Marfan's Syndrome, which usually causes a leftward 
shift of all cardiovascular structures, and individuals 
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with severe peripheral arterial sclerosis where periph- 
eral arterial cannulation is not possible even in the 
axillary artery. 
Preoperative preparation is similar to that for conven- 
tional aortic-valve replacement. Anesthetic manage- 
ment involves the mandatory use of transesophageal 
echocardiography to determine not only the efficacy of 
the operation, but more importantly to monitor postop- 
erative intracardiac air removal. Because of the fre- 
quent use of retrograde femoral artery cannulation and 
perfusion, transesophageal echocardiography is also 
used to evaluate the descending thoracic aorta to ensure 
that there is no severe atherosclerotic disease that may 
give rise to cerebral emboli if retrograde perfusion is 
used. 
Cardiopulmonary Bypass and Perfusion 
Technique 
For the parasternal incision in aortic valve replace- 
ment, it is possible to use intrathoracic cannulations 
with the appropriate anatomic situation in some pa- 
tients. The distal ascending aorta and a small, right 
angle cannula in the right atrium can be used for venous 
drainage. We generally prefer using a small diagonal 
groin incision, paralleling the inguinal ligament 1 cm 
cephalad to the groin crease, to expose the femoral 
artery and the femoral vein. Perfusion cannulae are 
inserted and cardiopulmonary bypass is carried out in 
the usual manner. Systemic hypothermia to 28°C is 
standard for cardiopulmonary bypass. Myocardial pro- 
tection in most of our cases has been antegrade blood 
cardioplegia. We believe this is satisfactory in combina- 
tion with systemic hypothermia. Because these patients 
do not have coronary disease, it is not mandatory to use 
retrograde coronary sinus perfusion, and this tech- 
nique is used only as a convenience during the opera- 
tion. A left ventricular vent can be placed into the right 
superior pulmonary vein, but in many cases a transaor- 
tic suction catheter can be used during most parts of the 
operation. Preoperative, intraoperative, and postopera- 
tive monitoring includes a Swan-Ganz catheter inserted 
through the jugular vein for postoperative monitoring 
of filling pressures, urinary catheter for urine output, 
and the usual intravenous catheter for intravenous 
fluids and blood replacement. Two chest tubes are 
placed, one in the right thorax and one in the mediasti- 
num after the procedure. 
Postoperative care is standard for patients with valve 
replacement, with a one-night stay in the intensive care 
unit, chest tubes usually removed on the first or second 
day, and anticoagulation begun as soon as chest tube 
bleeding has stopped if the patient has a prosthetic 
valve or if the patient is in chronic atrial fibrillation. 
Adulat ion is begun usually on the first postoperative 
day, and discharge is targeted for the fourth postopera- 
tive day. Transesophageal echocardiography is per- 
formed in the operating room before closure to deter- 
mine the presence o r  absence of valvular insufficiency, 
proper seating of the valve, and absence of intracardiac 
air, and is compared with a check-up transthoracic 
echocardiogram before discharge. 
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SURGICAL TECHNIQUE 
---- 
1 The two incisions for minimany invasive aortic valve replacement by the parasternal 
incision are shown here, with the patient in the supine position, prepared and draped in the 
usual fashion. The parasternal incision is made over the second and third costal cartilage to 
the right of the midline, usually 6 to 8 em in length. The diagonal groin incision is made 1 cm 
cephalad to the groin crease, to avoid any incisions going across the groin that may lead to 
morbidity. The use of this incision has allowed excellent exposure of the femoral artery and 
femoral vein, and has reduced the morbidity of the transinguinal incision to virtually zero. 
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2 The incision is carried down 
through the subcutaneous and mus- 
cular layers, until the two costal 
cartilages of ribs 2 and 3 are ex- 
posed and completely excised by 
bone rongeurs. The decreased pain 
in these incisions after the opera- 
tion may be because there are no 
touching bony surfaces. The peri- 
cardium is then encountered be- 
neath the costal cartilages and is 
incised. I 
A 
Head 
I 
3 The incised pericardium is tacked to the edges of the wound with 2-0 silk sutures. This 
maneuver, plus the use of the Wheatlander retractor, provides excellent exposure of the aorta 
that is now exposed in the wound. At this point, a decision on the area of cannulation can be made 
for either the ascending aorta or the femoral artery. The ascending aorta can be cannulated, and 
the right atrium or femoral vein can be cannulated with appropriate cannulae. 
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4 The femoral artery ant femoral vein are exposec for cannulation, assuming that the 
transesophageal echocardiogram has ruled out any serious atherosclerotic disease in the 
descending thoracic aorta. An alternate arterial cannulation site is the axillary artery. A purse 
string of 5-0 Prolene is placed in the femoral vein rather than incising the vein. A biomedicus 
cannula, 25F or 27F, is then inserted through an introducer into the purse string. A tourniquet 
is placed on the purse string on the catheter. The catheter is then threaded up through the 
inferior vena cava to the inferior vena cavahight atrial junction. The femoral artery is 
cannulated with the Sarns catheter, usually 20F or 22F, well up into the iliac artery. At the 
conclusion of the cardiopulmonary bypass, the artery will be repaired with a running 5-0 
Prolene suture and the femoral vein purse string will simply be tied off. There has been a zero 
incidence of deep vein problems in over 100 patients undergoing venous cannulation. 
PARASTERNAL APPROACH FOR MIAVS 59 
5 The aorta is cross-clamped with the Fogarty 
Hydragrip clamp (Baxter Edwards). Cardioplegia 
has been administered through the ascending 
aorta and then removed. Cardioplegia will be 
subsequently administered by a Spencer cannula 
into the left coronary artery intermittently. Sev- 
eral retraction sutures are used after the aorta is 
incised to better expose the valve and keep the 
aorta opened. Traction sutures may also be placed 
above the valve commissures to elevate the valve 
into the wound for easier excision. 
b Left coronary 
6 The pituitary rongeurs holding the valve leaflet allow for 
excision of the valve in the customary way with heavy curved 
aortic scissors carefully debriding all calcium off the annulus. 
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7 Placement of valve sutures to the 
annulus is done by everting pledgetted 
mattress sutures of 2-0 Ethibond (Ethicon, 
Somerville, NJ), which are then placed 
through the sewing ring of the valve de- 
vice, which is in this case, a St. Jude 
medical valve. The valve is seated and the 
sutures tied and cut. 
/ n 
8 After the valve is seated and the knots tied and cut, the aorta is 
closed with double running suture, and the cross-clamp is removed. 
Air is evacuated from the heart in the usual manner, using intermit- 
tent filling and partial cross-clamping, all monitored by transesopha- 
geal echocardiogram. The pectoral fascia is closed first and then the 
subcuticular layer under the skin is closed. Chest tubes are placed to 
underwater seal, and the patient is returned to the intensive care unit 
for further care. 
* 
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COMMENTS 
The minimally invasive parasternal aortic valve replace- 
ment has been in use since July 1996, and has been a 
routine part of the aortic valve surgery at the Brigham 
and Women’s Hospital. Between July 1996 and Septem- 
ber 1, 1997, 71 minimally invasive aortic valve replace- 
ments have been carried out. Thirty have been done by 
the parasternal incision and 41 by ministernotomy. 
Ministernotomy is reserved for those patients undergo- 
ing complicated root replacement, although homografts 
have been placed through the parasternal incision, and 
all reoperation aortic valve replacements have been 
performed using the minimally invasive approach. In 
the overall series, fewer than half the patients have 
received any blood transfusions , the mean hospital stay 
was 5 days, and only 16 patients (23%) went to 
rehabilitation after discharge. There were two deaths 
(3%), both of which resulted from multi-system organ 
failure several days after the operation by minister- 
notomy and were not related to the procedure but to 
preoperative comorbidities. One patient had a predict- 
able sternal infection because she had had preoperative 
irradiation for breast cancer through this port, and one 
patient had a reoperation for bleeding (1.5%). Most 
importantly, predischarge echocardiography showed 
that the operations that were carried out (St. Jude 
valves [28], Carpentier-Edwards pericardial valve [29], 
Hancock porcine valves [ 31 , homografts [ 81, Medtronic 
freestyle valves [2], and valve repair [l]) had exactly 
the same quality of operation as those undergoing the 
open operation. There were no valvar insufficiencies, 
and no patient had to undergo reoperation for valve 
dysfunction for any cause. 
In summary, minimally invasive aortic valve replace- 
ment using the parasternal approach is feasible, safe, 
and efficacious. Operative morbidity is reduced, yet the 
quality of operative procedure is identical to that of the 
open operation with complete median sternotomy. Air 
embolism has not been a problem because air removal is 
monitored by the mandatory transesophageal echocar- 
diography in all of these procedures. Hospital cost has 
been reduced by approximately 10% to 15%, and need 
for after-hospital rehabilitation appears to be less. 
Thus, minimally invasive aortic valve replacement may 
be a paradigm for the future because it reduces costs, 
maintains quality, and improves patient satisfaction. 
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